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We present results of diret numerial alulations for the problem of quantum tunneling through
the time-dependent potential barrier. Computations learly demonstrate existene of the eet of
the underbarrier resonane.
Ìû ïðåäñòàâëÿåì ðåçóëüòàòû ïðÿìîãî ÷èñëåííîãî ðåøåíèÿ çàäà÷è êâàíòîâîãî
òóííåëèðîâàíèÿ ñêâîçü ïîòåíöèàëüíûé áàðüåð, çàâèñÿùèé îò âðåìåíè. Âû÷èñëåíèÿ îò÷åòëèâî
äåìîíñòðèðóþò ñóùåñòâîâàíèå ýåêòà ïîäáàðüåðíîãî (ýâêëèäîâà) ðåçîíàíñà.
The dynamis of tunneling proesses has been under disussion for a long time. For obvious reasons, the problem
how to inrease tunneling rate in different situations has espeially interest. A spell ago, we investigate some aspets
of this problem in our paper
1
,
2
. In partiular, we found two interesting mehanisms for stimulation of tunneling.
First one is so-alled thermal stimulation when the tunneling partile absorb some quanta of energy in front
of barrier, lifts to top of barrier and then tunnel in more transparent region of barrier (thermal assisted or photon
assisted tunneling).
The seond way to inrease tunneling rate that we disovered is the underbarrier resonant stimulation, whih some
authors named later as Eulidean resonane
3
. The main idea is as follows. In imaginary time underbarrier motion
of partile one an onsider as a partile motion in some potential well (overturned barrier). We show that external
perturbation with an appropriate frequeny ould pull down the partile to the bottom of potential well (top of the
barrier in real time) and essentially inrease tunneling rate as a whole. Very important is the fat that harmoni
perturbation in imaginary time must be in form of dereasing exponent in real time.
Now we find evidene of this fat by the diret numerial solving of Shrodinger equation for the partile in the
field of time-dependent potential barrier.
We onsider a simplest ase for the tunneling through the time-dependent retangular barrier. In our alulations
we use an impliit numerial sheme for the 1-d Shrodinger equation
ih¯
∂u
∂t
= −
h¯2
2m
∂2u
∂x2
+ V (x, t) u (1)
whih has the form
ui,j = Eui,j+1 − Fui+1,j+1 − Fui−1,j+1 (2)
where we put E = 1
K
(1 + 2µ), F = 1
K
µ, K = 1 −Dt, D = i
h¯
V (x, t) and µ = ih¯
2m
t
h2
. t is the temporal step of the
differene sheme and h is the spatial one.
èñ. 1: Probability Q of the underbarrier resonant tunneling as the funtion of the imaginary frequeny k
2For simpliity, we took dimensionless parameters and put h¯ = 1. Below we onsider for an example some situation,
whih is in one sense a good model for mesosopi problems. Thus, the initial ondition was
ui,1 = β cos
(
fpi
i
n
)
(3)
for i ∈
[
1, n
3
]
and boundary onditions were
u1,j = 0, un,j = 0 (4)
for j ∈ [1,m]. i is urrent index of spatial step, j is temporal one, n  number of spatial steps and m - number of
temporal steps. The barrier funtion we define as
vi,j =
(
1 + ε exp
(
−
j
m
k
))
(5)
for i ∈ [n/3, n/3 + δ] and vi,j = 0 for i < n/3 and i > n/3+ δ. k is a parameter for the trimming of damping onstant
in exponent (or resonant frequeny in imaginary time), δ is the width of barrier. For eah parameter k we alulate
tunneling probability Q as the ratio of integral of |u (x, t)|
2
over ante-barrier region to some one over spae behind
the barrier.
Results of alulations are shown in Fig. 1 where we present dependene of tunneling probability Q vs k for the
initial parameters F = −1.786i, E = 1+ 3.571i outside the barrier and F = 0.171− 1.769i, E = 0.648+ 3.634i in the
underbarrier region.
It is easy to see, that this dependene really has resonant harater. We intend publish more detailed results soon
but now we believe that founded features is a good onfirmation for the Eulidean resonane.
In Appendix we plae the ode of our omputing programme.
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